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Colour measurements
Colour was measured in a Hunter colorimeter, Labscan II 
model. Samples were contained in optical glass cells 3.8 
cm high and 6 cm diameter for measurement of diffused
reflected light from the cell bottom using a 13 mm 
diaphragm aperture. Results were given in CIELAB 
system for illuminant D 65 and a 10º angle of vision. 
Registered parameters were: L* (brightness),  a* (red
component),  b* (yellow component),  C* (chroma), and
h* (hue). Two measurements were done on each sample.
Sensory evaluation
Sensory evaluation was made using ranking tests by 42 
assessors. They ranked the samples according to their
colour (from light yellow to orange-yellow) Sessions were
carried out using a Colour Viewing Chamber equipped
with illuminant D65. Light from this source was projected
vertically on the sample and observed with an angle of
45º. Data acquisition was performed using Compusense
Five v.3.6. (Compusense Inc., Guelph, Canada)
Data analysis
•For each colour parameter one way ANOVA was 
performed and the Fisher´s least significant difference 
(α=0.05) was calculated to determine differences 
between samples. 
•Friedman Analysis of Variance was applied to the 
sensory data obtained in the rank tests, significance of 
differences between samples were determined by the 
Fisher test (α=0.05), modified for non-parametric data.
•Scale values for colour were calculated from individual 
ranking data using the domain referenced model 
proposed by Krus & Krus (1997).
•Equation relating sensory colour intensity to the 
instrumental parameters were obtained by Multiple 
Regression Analysis with the P9R programme using the 
BMDP Statistical Pack (Los Angeles, CA, USA). 
SCALING RANKED DATA FOR CORRELATING SENSORY 
AND INSTRUMENTAL MEASURES. APPLICATION TO 
DAIRY DESSERTS COLOUR EVALUATION
A. Tárrega*, L. Izquierdo and E. Costell
RESULTS AND DISCUSION
All samples showed the typical spectral curve for yellow-
orange coloured materials, with maximun reflectance 
values in the range of 550-650 nm (Figure1). Significant 
differences (α=0.05) on CIELAB colour parameters 
values for the seven samples were detected (Table 1).
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Analysis of results obtained from the ranking tests 
showed significant differences in samples colour 
(FFriedman= 249.63, theoretical FFriedman =12.59 for 
α=0.05) ( Figure 3).
Data from sensory individual ranking tests were turned 
into paired comparisons, the results transformed into 
proportions and the normal deviates calculated. To
overcome the problem generated by the existence of
one-zero proportions when the Thurstone´s Case V 
Scaling model was applied, the domain-referenced
model suggested by Krus et al. (1997) was used to 
calculate the scale values for colour (Figure4).
0
50
100
150
200
250
300
350
samples
R
a
n
k
i
n
g
 
o
r
d
e
r
 
s
u
m
1       2        3       4       5       6        7
b
c
b
e
d
c
a
Finally, the scaled scores of colour intensity obtained 
were related to CIELAB colour parameters by Multiple 
Regression Analysis. Considering both R2 and Cp 
values, the best fit was the following equation:
Colour= 65.109 + 13.836 b* - 13.529C* - 0.746h*
(R2 = 0.997;  Cp= 3.37)        (Eq.1)
Usually R2 value indicates the proportion of variance of 
the dependent variable explained by the regression 
model. However, the proportion of the standard 
deviation of the dependent variable, left unexplained by 
the independent variables [(1-R2)1/2]  may be a 
meaningful interpretation of the linear associations 
between dependent and independent variables  (Afifi & 
Azen, 1979). In this case, it can be considered that the 
percent of variance explained by equation 1 was 99.7%, 
but 7.7 % of the standard deviation of custard dessert 
colour was still left unexplained. This result shows that a 
high proportion of colour variability perceived in Spanish 
vanilla dairy desserts could by explained by the 
obtained regression model.
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Table 1. Average values of instrumental colour parameters for vanilla 
dairy dessert samples. 
Figure 2. Spectral reflectance curves of vanilla dairy 
dessert samples: (— ) 1, (— ) 2, (— ) 3, (— ) 4, (— ) 5, 
(— ) 6, (— ) 7. 
1 Values within a column with different superscripts are significantly different (α= 0.05). 
Figure 3. Sensory evaluation of colour for vanilla dairy
desserts. Different letters on top of bars mean significant
differences (α=0.05). 
Figure 4. Scale values of colour as derived from 
Thurstonian Scaling
Sample  L* a*  b* C* h* 
1 76.6a -1.0d 38.2b 38.2b 91.5b
2 76.6a 6.8e 41.0d 41.6d 80.6a
3 88.5e -3.4b 30.4a 30.6a 96.4e
4 82.3b -2.0c 37.7b 37.8b 93.1c
5 86.7d -4.3a  40.5cd  40.7cd 96.0e
6 86.7d -4.7a 41.0d 41.2d 96.5e
7 83.6c -3.1b 40.0d 39.7c 94.5d
 
INTRODUCTION
Colour is one of the main appearance attributes and usually 
conditions consumer’s acceptance (Clydesdale, 1993).The 
ranking method may provide a useful alternative to the use of 
scales for measuring the intensity of an attribute as perceived 
from different samples. The ranking method makes the 
panellists judgement easier and the ordinal raw data so 
obtained can be transformed in an interval scale using 
Thurstonian scaling methods. The data thus obtained can be 
used to relate physical intensity and sensory intensity. The 
aim of this study was to analyse the relationship between 
instrumental colour parameters and sensory colour intensity 
perceived in commercial vanilla dairy desserts.
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Samples
Seven samples of vanilla dairy 
dessert (natillas) of different 
brands and characteristics, 
covering the commercial range, 
were purchased from the local 
market (Figure1).
Figure 1.  Samples of vanilla 
dairy dessert.
MATERIALS AND METHODS
